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Abstract: The burden of obesity disproportionately influences poor health outcomes in rural
communities in the United States. Various social and environmental factors contribute to inadequate
food access and availability in rural areas, influencing dietary intakes and food insecurity rates. This
study aims to identify patterns related to food insecurity and fruit and vegetable consumption within
a SNAP-eligible and low-income, highly obese rural Appalachian community. A prospective cohort
was implemented to identify gaps in resources addressing obesity and food insecurity challenges.
SAS 9.4 software was used to examine differences in dietary intakes and shopping practices among
SNAP participants. Among participants (n = 152), most reported an annual household income less
than USD 20,000 (n = 90, 60.4%), 29.1% reported food insecurity, and 39.5% reported receiving SNAP
benefits within the last month. The overall mean FV intake was 3.46 daily servings (95% CI: 3.06–3.91)
among all participants. SNAP participation was associated with food insecurity (p = 0.007) and those
participating in SNAP were two times more likely to report being food insecure (OR = 2.707, 95% CI:
1.317, 5.563), relative to non-participants. These findings further depict the need for intervention,
as the burden of food insecurity persists. Tailoring health-promoting initiatives to consider rurality
and SNAP participation is vital for sustainable success among these populations.
Keywords: rural; food insecurity; food access
1. Introduction
The burden of obesity and related chronic diseases disproportionately affects rural communities
in the United States (U.S.) more so than their urban counterparts [1]. Theories of social disorganization
suggest that the intersection between community structure, such as poverty, socioeconomic status
(SES), and residential instability, can result in a void of health promoting culture, infrastructure,
and efficacy [2,3]. Previous insights have shown disparaging differences between urban and rural
areas on mortality, chronic disease, and screening rates [3,4]. Residents’ limited knowledge of health
promoting behaviors may lead to poor health literacy and unhealthy lifestyle behaviors, including
poor dietary intakes and sedentary physical activity levels [5–7]. Thus, the degree of rurality among
geographic areas throughout the U.S. influences the numerous barriers rural communities face and,
consequently, their morbidity and mortality rates.
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Among rural populations, myriad factors affect obesity rates, though fruit and vegetable (FV)
intakes are of great influence and few U.S. adults are meeting recommended amounts [8]. This is
particularly true in rural communities, where adults exhibit higher obesity prevalence and are less
likely to meet daily FV recommendations due to various social and environmental factors [1,9] relative
to their urban counterparts. In addition to individual level factors associated with poor dietary intake,
rural residents also face greater rates of food insecurity [10]. A depleted or limited food landscape can
predispose residents’ dietary consumption and shopping patterns thereby further influencing their
health status, as diet is a contributing factor in several chronic illnesses [11]. While agriculture and
food production are prominent in many rural landscapes across the U.S., it is not the case for all rural
communities. Rurality does not equate to farmland or local food production, which many would think
support food security within these communities. Further, the 2017 Census of Agriculture revealed a
decline in number of farms and farmers and in acres of farmland and farmland production [12]. At the
local level, there are numerous factors that dictate food production, including geography, terrain, and
inadequate resources such as economic hardship or lack of farmers. Those who do operate small farms
rely on additional off-farm sources for household income [13]. These factors can also influence the
household food environment in rural areas.
Among low income rural populations, the household food environment, including food security
and income concerns, are key factors controlling food choice [14]. Rural communities continue to
face higher rates of food insecurity, compared with their urban counterparts [10], and food insecurity
has been associated with obesity and greater cardiometabolic risk [15]. The Supplemental Nutrition
Assistance Program (SNAP) is the largest federally funded nutrition program in the U.S., serving as
a household-supporting infrastructure for individuals facing food insecurity. SNAP assists eligible,
low-income individuals and families in need throughout the U.S. [16]. While eligibility varies by state,
those whose income and resources fall below certain thresholds are able to supplement their food
budgets using SNAP benefits [16]. Thus, SNAP is often considered a vital resource for those living
in rural communities, as the perpetual SES divide continues between rural and urban settings [17].
At the national level, approximately 16% of those living in rural communities live below the federal
poverty line, compared with 12% in urban areas [18]. Due to these income gaps, SNAP participation is
higher in rural areas, with 16% of households participating, compared with 13% in urban areas [19].
Additionally, most recent federal data from 2017 indicate that of those eligible for SNAP, participation
is higher in rural areas (90%) compared to urban areas (82%), and this participation gap continues to
climb [20].
Rural areas account for 63% of counties in the U.S., and 87% of counties with the highest rates of
food insecurity [21]. Furthermore, a report from 2018 indicates that 13.3% of those living in rural areas
faced food insecurity, compared with 11.5% in urban areas [10]. Resources, such as SNAP benefits,
and other programs for those of low SES, are imperative for those in rural communities, as many
in these areas are at risk of being food insecure. Thus, initiatives like SNAP can aid in alleviating
food insecurity among vulnerable households and improve dietary intakes, when adequate access to
nutritious choices are available [22]. Community-based efforts have emphasized the importance of
looking at social and physical environments when striving to improve food access [23–25]. Therefore,
community-based efforts focused on addressing the local food system are necessary to alleviate the
barriers related to the procurement of nutritious foods in rural areas. Prioritizing engagement with key
stakeholders and community members is vital to consider how to best approach food access initiatives
in rural communities.
Conceptually, community-based efforts can be successful in rural communities, as the multifaceted
community setting plays a vital role in influencing the food environment and, ultimately, diet choice in
these communities. Improving health outcomes pose unique challenges, as resources are sparse and
healthcare infrastructure is limited; however, modifying or improving the existing food environment
encourages nutritious food choices and shopping behaviors. Nonetheless, environmental triggers
and product availability affect the dietary choices individuals make, influencing overall health and
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obesity status [26]. Given the unique limitations rural communities face, exploring frequented
destinations to assess availability can be beneficial to mitigating the barriers that exist [27]. Knowing
one’s food environment, SNAP participation, and food insecurity status can influence diet quality,
an understanding of the interrelationship among these factors can provide guidance for intervention.
This study aims to identify patterns related to FV consumption and food access within a
SNAP-eligible and low-income, highly obese rural Appalachian county in Kentucky. These findings
will serve as a baseline to provide context for addressing food insecurity in a remote rural region of the
U.S. Baseline findings will guide points of intercept, design future programming to explore the impact
rurality has on obesity status, and address the barriers related to accessing nutritious foods within this
community and those similar.
2. Materials and Methods
The present study is part of a multi-year High Obesity Program (HOP) project through the
Centers for Disease Control and Prevention (CDC) to reduce rural obesity prevalence and decrease the
risk of chronic disease and preventable mortality. This paper describes one component of the HOP
project aimed at providing increased geographic or financial access to nutritious foods. Efforts to
improve food access will address food insecurity. This work was completed by leveraging existing
Cooperative Extension (CES) infrastructure, with an emphasis placed on community partnership and
empowerment, thus enforcing action via established community infrastructure.
The CDC funding announcement identified eligible counties across the U.S. based on their obesity
prevalence. The setting for this funded project was one eligible Appalachian county in Kentucky with
an adult obesity prevalence greater than 40% per the CDC. The Appalachian region of the U.S. has
continued to experience significant decline in life expectancy [28], lack of economic development,
and stark out-migration, leaving once fervent and thriving communities destitute, impoverished,
and struggling to prosper [29]. This community is reflective of the region, experiencing a persistently
high rate of poverty and unemployment, low educational attainment, and food insecurity. The CDC’s
Social Vulnerability Index, comprised of social and economic indicators, designates the county as
“highly vulnerable.” [30] The county population is approximately 11,200, and declining, with a median
household income of USD $35,000 and an estimated 39% of the population living in poverty [31].
The estimated food insecurity rate is 21%, and approximately 31% of households participate in
SNAP [32,33].
In order to assure broad community input into all program activities, a health coalition was formed,
comprised of key stakeholders including local officials (mayor, magistrates), school representatives (food
service director, family resource coordinators), library director, concerned citizens, health department
representatives, faith-based organization representatives, and community advocates. The health
coalition has been pivotal in establishing partnerships to improve health outcomes within the
community. It continues to provide input and direction for all aspects of the current project to identify
and implement nutrition-related strategies to address the issue of obesity in the county.
The current study aims to identify gaps in community resources to establish new partnerships that
address obesity and food insecurity challenges. Therefore, a formative food system assessment was
conducted at baseline to identify potential areas for intervention to enhance healthier food procurement
options. Figure 1 outlines the community’s primary food access points identified through the food
systems assessment. Findings from the assessment were shared with the coalition to identify potential
programmatic efforts to reduce food insecurity within the community.
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survey. Those interested contacted study personnel or the county’s CES office to schedule a day and
time to participate. This resulted in fewer ineligible participants and complete survey responses.
The administered survey took approximately 45–60 min to complete. Participants received a USD $25
incentive to be used a local grocery store as compensation for completing the survey.
Figure 2 outlines the recruitment and enrollment process for the prospective cohort. The invited
population (n = 1107) includes all engaged via Facebook and the number of promotional materials
distributed through other channels. Of 194 contacts made, 177 individuals registered to participate.
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2.2. Measures
The survey instrument utilized for t c prised a variety of items to measure FV intake,
household environmental measures, f r sing practices, and demographic characteristics.
Demographic items in this analysis included age (in years), gender, preferred language, residential status,
highest attained education level, race, and annual household income.
2.2.1. Independent Variables
SNAP participation was assessed by asking: “In the past month, did you or any member of your
household receive SNAP benefits or food stamps?” Response options included ‘yes’ or ‘no’.
2.2.2. Dependent Variables
Questions from the National Cancer Institute (NCI) Fruit and Vegetable Intake Screener [34,35]
assessed FV intake. The NCI screener asks respondents about usual intake of various FV, ranging from
never to ≥5 times per day, and portion sizes for every item (e.g., “Over the last month, how many
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times per month, week, or day did you eat fruit?” and “Each time you ate fruit, how much did you
usually eat?”). Items include 100% fruit juice, fruit, lettuce salad, French fries or fried potatoes, other
white potatoes, cooked dried beans, other vegetables, tomato sauce, vegetable soup, and mixtures
that included vegetables. Summed items created an overall measure of FV intakes among the sample.
This measure served as the primary dependent variable for analysis because increased FV intake is a
primary goal of the CDC HOP project.
The secondary dependent variable, food insecurity, was assessed by asking “Which of the following
statements best describes the amount of food eaten in your household in the last 30 days?”—enough
food to eat, sometimes not enough to eat, or often not enough to eat [36]. “Sometimes not enough to eat”
and “Often not enough to eat” were collapsed into “Not enough food to eat” to create a dichotomous
assessment of food insecurity.
2.2.3. Covariates
Potential covariates of interest included gender, income, education, and years of residency.
To minimize skewedness, income, education level, and residential status categories were collapsed:
income was dichotomized as <USD $20,000/year or ≥USD $20,000/year; education categorized as less
than high school degree or high school degree or more; and years of residency was dichotomized into
<20 years or ≥20 years.
2.3. Statistical Analysis
Data were entered into REDCap (Vanderbilt University, Nashville, TN, USA) by trained study
personnel and were double-checked to minimize data entry errors. Data were then exported,
and analyses were conducted using SAS 9.4 (SAS Institute, Cary, NC, USA). For all analyses, significance
was set at p < 0.05.
Descriptive statistics, including frequencies and medians, were used to characterize survey
responses. The NCI food frequency scores were calculated using the published algorithms [34].
To test comparisons across groups, Wilcoxon rank sum tests were used for continuous measures
(age, FV consumption patterns) and Chi-square and Fishers Exact were utilized, as appropriate, for
categorical measures. Logistic regression models were fit to assess the predictors of food insecurity.
Since FV servings per day were skewed, the data were log transformed and fit with a generalized
linear model. Models were adjusted for age, gender, SNAP participation, residency, and income.
3. Results
3.1. Sample Characteristics
Table 1 details the characteristics of the cohort study population and those of the Martin County
population. Of those who registered, there were 152 participants consented and enrolled in the baseline
cohort. Participants (n = 152) had a mean age of 56 years, with the majority (n = 99, 65.1%) identifying
as female. Most participants reported an annual household income less than USD $20,000 (n = 90,
59.2%) and 39.5% report receiving SNAP benefits within the last month.
Table 1. Demographic characteristics of participants (N = 152).
Demographic Characteristic Among All Participants % (n) Among Martin County Population % 1
Age (mean, in years) 2 56 (22–84)
Gender
Male 34.9 (53) 55.3
Female 65.1 (99) 44.7
Race
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Table 1. Cont.
Demographic Characteristic Among All Participants % (n) Among Martin County Population % 1
White 98.7 (150) 91.4
Non-white 1.3 (2) 8.5
Education
Less than high school 2 43.4 (66)
High school graduate 36.2 (55) 72.8
Post-high school 20.4 (31) 8.5
Household Income 3
<USD 20,000 60.4 (90) USD $35,000 (median)
≥USD 20,000 39.6 (59)
Martin County Residency 2,3
<20 years 17.2 (26)
≥20 years 82.8 (125)
SNAP Participation 4
Yes 39.5 (60) 30.7
No 60.5 (92)
1—Source: 2019 U.S. Census Bureau [31], 2—Data not available, 3—Numbers do not total 152 due to missing
responses, 4—Source: SNAP Participation Map, 2019 [33].
3.2. Shopping Practices
Table 2 outlines household shopping practices. Respondents shop at grocery stores (80%) or
supercenters (20%) and primarily shop there due to price (42%) and location (41%). These practices
were not significant when stratified by SNAP participation. Participation in SNAP was associated with
an awareness of the farmers’ market (p = 0.04), yet not with regularly shopping at this venue (p = 0.31).
Table 2. Differences in shopping practices and food security status by SNAP participation (N = 152).
Shopping Practice
SNAP
All % (n) Participant % (n) Non-Participant % (n) p-Value
N 152 60 92
Are you the person who usually does the grocery shopping in your household?
Yes 70.4 (107) 71.7 (43) 69.6 (64) 0.85
No 12.5 (19) 13.3 (8) 12 (11)
I split it with other
household members 17.1 (26) 15.0 (9) 18.5 (17)
Where do you get most of your groceries?
Grocery store 80.3 (122) 83.3 (50) 78.3 (72) 0.44
Super center 20.4 (31) 18.3 (11) 21.7 (20) 0.61
Discount store 0.7 (1) 0.0 (0) 1.1 (1) 1.00
What is the primary reason you shop there?
Price 42.1 (64) 50.0 (30) 37.0 (34) 0.11
Location 40.8 (62) 38.3 (23) 42.4 (39) 0.62
Quality 7.9 (12) 3.3 (2) 10.9 (10) 0.13
Variety 9.2 (14) 8.3 (5) 9.8 (9) 0.76
Are you aware of the farmers’ market in your community?
Yes 82.9 (126) 75.0 (45) 88.0 (81) 0.05
No 17.1 (26) 25.0 (15) 12.0 (11)
Do you regularly shop at the farmers’ market in your community?
Yes 21.2 (32) 16.9 (10) 23.9 (22) 0.41
No 78.8 (119) 83.1 (49) 76.1 (70)
Which of the following statements best describes the amount of food eaten in your household in the last 30 days?
Enough food 70.9 (107) 58.3 (35) 79.1 (72) <0.01
Not enough food 29.1 (44) 41.7 (25) 20.9 (19)
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3.3. Fruit and Vegetable Intakes
Findings from the regression analyses are in Table 3. Among all participants, the overall mean FV
intake was 3.46 daily servings (95% CI: 3.06–3.91). Males not participating in SNAP (4.45 servings;
95% CI: 3.43–5.76) and females participating in SNAP (3.94 servings; 95% CI: 3.12–4.99) reported
highest FV intakes within the sample. There is no significant effect for daily FV intake by residency
or education.
Table 3. Mean FV servings by SNAP participation.
Gender
SNAP
Participant Non-Participant
Mean FV Servings 95% CI Mean FV Servings 95% CI
Male 2.77 (1.99–3.85) 4.45 (3.43–5.76)
Female 3.94 (3.12–4.99) 2.97 (2.45–3.60)
3.4. SNAP and Food Insecurity
Among all participants, 29.1% reported food insecurity, with a greater percentage of SNAP
participants reporting being food insecure (41.7%) than non-participants (20.9%). Logistic regression
models indicate that SNAP participation was associated with food insecurity (p = 0.007) compared to
those not participating in SNAP. Those participating in SNAP were two times more likely to report
being food insecure relative to non-participants (OR = 2.707, 95% CI: 1.317, 5.563). When examining
food insecurity and dietary intake by SNAP participation stratified by gender (Table 4), the effect of
SNAP participation on food insecurity was stronger for females (OR = 3.136, 95% CI: 1.288–7.636),
but not significant for males.
Table 4. Odds of Food Insecurity and Not Consuming Enough FV by SNAP Participation.
Characteristic
SNAP Participant vs. Non-Participant
Odds Ratio 95% CI
Food Insecurity
Female 3.136 (1.288–7.636)
Male 2.000 (0.578–6.920)
Overall 2.707 (1.317–5.563)
Not Enough FV
Female 1.366 (0.595–3.131)
Male 1.659 (0.542–5.080)
Overall 1.475 (0.761–2.859)
4. Discussion
It is clear among the literature that numerous factors contribute to high obesity prevalence,
including poor nutrition, absence or lack of physical activity practices, and the environment [1,8,9].
Residents of rural communities experience greater obesity prevalence and limited access to healthy
choices related to the environments in which they live [9]. These factors shape rural residents’
behaviors, and are well understood as influencing obesity prevalence. Additionally, attention to the
food environment is imperative in order to increase consumption of healthier foods within rural
communities. Access to healthy foods, such as FV, must be a grounding consideration of obesity
prevention efforts within disadvantaged communities such as those found in rural Appalachia.
Rural communities typically face greater financial burden compared with urban communities,
particularly in the south, [18] and low household income augments obesity prevalence [37,38]. We did
not specifically investigate income within this sample because of collinearity between income and
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SNAP participation. Therefore, we used SNAP participation as our independent variable to measure
SES, given that nearly two-thirds of the current population report an annual income less than USD
$20,000 and nearly half receives SNAP assistance. Our findings illuminate a growing trend between
rural residency, SNAP participation and food insecurity. It is interesting to note that SNAP participants
were more likely to report being food insecure, suggesting immediate intervention is necessary within
this population living in an impoverished community. Previous studies have found SNAP participation
to improve food security [22]; however, our data suggest that those in SNAP are currently experiencing
high rates of food insecurity. This paradox reveals high rates of reported food insecurity despite
SNAP participation, leading to questions of adequate parameters or potential pitfalls. Perhaps SNAP
alone is not sufficient to reduce food insecurity, yet is a necessary factor to help prevent higher rates
among those who are eligible for SNAP participation. Some suggest that SNAP participants have
lower FV intakes due to unobserved preferences [39] while others have found SNAP participants
would be more food insecure if benefits were not available [40]. Thus, improving diet quality while
simultaneously combating food insecurity requires nuance. Although SNAP participation provides an
avenue to food security, it is clear that when compounded by additional factors, such as the economic
disparities this rural Appalachian community experiences, it does not equate to consistent nutritional
nourishment for these areas. Furthermore, rurality and geographic location are important factors to
consider when it comes to food security and SNAP participation. Previous studies have even shown
that rural geography contributes to differences in food perceptions and purchasing patterns, due to
differences in access and availability [41–43]. This could explain, at least in part, the barriers in the
Appalachian region.
The Appalachian region includes all or parts of 13 states where 42% of the population is rural,
compared with only 20% throughout the U.S. [44]. Appalachian communities experience a high
propensity for food insecurity and poverty. Across the Appalachian region, the median household
income is approximately USD $48,000, compared to USD $58,000 across the U.S. [45]. Further, the central
Appalachian region, which includes all of the Appalachian counties in Kentucky, maintains an annual
household income of USD $36,000 [45], which may mean these communities are more disadvantaged
than other rural and Appalachian communities across the U.S. Our findings further identify Martin
County as representative of a geographically isolated and persistently impoverished area in Central
Appalachia with exacerbated food insecurity. SNAP participation could be a mitigating factor to
improve diet quality and food security among food insecure individuals [17,40,46]. Thus, food access
initiatives must also consider affordability and SNAP participation with obesity prevention efforts
focused on improving diet quality.
Our study also reveals that gender may influence food insecurity and would be valuable to
examine in future investigations. Gender was the only covariate that had a significant effect within our
sample, suggesting it may be more salient in terms of food insecurity among rural residents. The effect
being stronger for females could have occurred for various reasons, including differences in other
constraints for food insecurity between men and women, though we did not explore this relationship
in the present study. Examining the relationship between gender and food insecurity will aid in
understanding why individuals in rural communities are able or unable to access healthy foods.
Although increasing access to nutritious foods, including FV, may be challenging in a community
with limited income, it is possible [47–49]. Rural communities continue to struggle with food
accessibility within the retail food landscape, and in a particularly impoverished community, such as
the one of this study, addressing the mechanisms and avenues that support food access is imperative.
Recently, COVID-19 incidence has shed light on the disparities that exist between low-income and
higher income households [50]. Rates of food insecurity have risen dramatically in the U.S., given a
host of factors related to COVID-19 virus [51]. Thus, current programmatic and intervention efforts
are critical to assist communities in dire need. Further, as Figure 1 depicts, much of the existing
food system is heavily reliant on food assistance programs such as food pantries, USDA subsidized
commodity foods, and small-scale church assistance [52]. Therefore, a mode of improving health status
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and dietary consumption would be to target these outlets and enhance offerings to individuals that
utilize this network of need-based food assistance.
While environmental modifications are pivotal for sustained change, so too are policy
considerations. The implications of these baseline findings align with the opportunities laid out
for federal nutrition research within the U.S. [53]. This work allows us to grasp the influence of the food
environment and other environmental determinants on health disparities, as well as potential relevant
solutions. It is evident that policies that dictate federal nutrition program funding and allocation must
consider social determinants of health within vulnerable populations. These findings also illuminate
the broader systemic issues that underpin the growing rates of food insecurity within these regions
exacerbated by the COVID-19 pandemic. Currently, SNAP is the only federal nutrition support offered
during COVID-19, in the form of emergency allotments, adjusted verification requirements, and
expanded benefits to children [54,55]. While these policy changes are temporary, they highlight larger
issues and provide a platform to build upon for future research and policy development. Our findings
demonstrate that providing SNAP benefits alone is not sufficient to eliminate food insecurity in rural
populations. Thus, we need stronger policies that improve how we reach all vulnerable populations
with improved food access.
Collectively, these findings elucidate the need for intervention, as the burden of obesity and
food insecurity are major public health concerns that frequently coexist within rural communities.
However, tailoring interventions to rural Appalachian communities, and other communities with
unique needs such as these, is vital to implement sustainable solutions successfully. Thus, these factors
should be considered together in order to construct an understanding of the intricate interrelationship
between them.
In rural Appalachian communities with fewer resources, using existing assets and infrastructure are
critical for community-based efforts related to food system enhancements [56]. While we are not directly
influencing individual behavior with future interventions, traditional CES programing encompasses
direct education focused on food procurement, preparation, preservation, and nutrition. Researchers
cannot neglect these concepts when implementing community-level systems or environmental changes.
Obesity prevention efforts must be multifaceted to address all levels of the socio-ecological model.
These data create a critical baseline for a prospective cohort study that will allow us to measure the
ongoing work of the CDC HOP project in Martin County. Since the time of survey administration, several
strategies have been implemented, or will be considered for implementation, to encourage healthy eating
and active living as a well-rounded approach for obesity reduction and prevention. These strategies
include nutrition and environmental audits of gas stations and grocery stores [57,58], a community
garden [59], an in-store marketing initiative [60,61], a community-wide walking challenge [62,63], and
enhancements to existing walking trails in partnership with the public library [64]. These approaches
have led to the formation of additional partnerships within the community emphasizing healthy
lifestyle behaviors. Collectively, these projects and partnerships further augment healthy eating and
active living initiatives aimed at reducing obesity in this highly obese community.
Strengths and Limitations
The generalization of the study findings is limited due to the study’s sample of participants from
one rural Appalachian county in Kentucky, which may not be representative of all rural communities
in Kentucky, or in other states. While verbally administered by a trained interviewer, self-reported
survey responses may include social desirability or recall bias and other errors. We aimed to minimize
bias by including validated survey instruments. Furthermore, researchers verbally administered the
survey to reduce concerns of participants with low literacy and to reduce the likelihood of missing data
due to skipping questions or not following question instructions. This format also aided in reducing
survey fatigue, as the survey was 13 pages long. A portion of surveys were self-administered; however,
sensitivity analyses conducted between self-administered and verbally administered surveys revealed
no significant differences in findings. Results of the analyses are available upon request. Because
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our survey was cross-sectional, we are unable to determine causality with these results. Moreover,
these are baseline data used to understand the priority population. Thus, we are not powered on
interactions and results should be interpreted with caution. However, these data represent the baseline
findings of a longitudinal study, which will eventually allow us to estimate causal relationships.
5. Conclusions
The findings of this study support continued collaboration with community networks to identify
and implement strategies to address accessibility of nutritious foods. While obesity prevention efforts
continue in rural areas, this community’s high obesity prevalence, coupled with low FV intakes and
high food insecurity, suggests community-based efforts aimed at improving healthy food access would
prove beneficial. Furthermore, tailored health-promoting initiatives that consider rurality and SNAP
participation may have the greatest impact. Therefore, important next steps include leveraging existing
relationships with local food providers to encourage healthier choices via food pricing and marketing
strategies at their venues. Additional collaboration with local partners, such as a community health
coalition and the CES, is vital to appropriately design and implement programs that consider these
specific identifiers and enhance access to venues offering healthy foods.
Author Contributions: Study conceptualization, K.M.C., E.D., A.G., R.G. and H.N.-B.; methodology, K.M.C. and
A.G.; formal analysis, S.S.; investigation, H.N.-B., E.D. and R.G.; resources, H.N.-B., E.D. and A.G.; data curation,
S.S.; writing—original draft preparation, E.D. and R.G.; writing—review and editing, H.N.-B., K.M.C., A.G. and
S.S. All authors have read and agreed to the published version of the manuscript.
Funding: This research was funded by Centers for Disease Control and Prevention (CDC) Division of Nutrition,
Physical Activity, and Obesity (DNPAO), Cooperative Agreement number 1NU58DP0065690100.
Acknowledgments: We gratefully acknowledge the contributions to this study by Jennifer Hunter and would
like to acknowledge the Martin County Cooperative Extension Office and the Martin County Health Coalition
for their ongoing support of this project. We would like to thank Grace Anderson (UK undergraduate student),
Haley Copeland, Caroline Blincoe, and Cora Teets (UK graduate students) for their assistance with data collection
and data entry. This research utilized the Center for Clinical and Translational Science REDCap tool, supported by
the NIH National Center for Advancing Translational Sciences through grant number UL1TR001998. The content
is solely the responsibility of the authors and does not necessarily represent the official views of the NIH.
Conflicts of Interest: The authors declare no conflict of interest. The funders had no role in the design of the
study; in the collection, analyses, or interpretation of data; in the writing of the manuscript, or in the decision to
publish the results.
References
1. Befort, C.A.; Nazir, N.; Perri, M.G. Prevalence of Obesity among Adults from Rural and Urban Areas of the
United States: Findings from NHANES (2005–2008). J. Rural Health 2012, 28, 392–397. [CrossRef] [PubMed]
2. Bethea, T.N.; Lopez, R.P.; Cozier, Y.C.; White, L.F.; McClean, M.D. The Relationship Between Rural Status,
Individual Characteristics, and Self-Rated Health in the Behavioral Risk Factor Surveillance System. J. Rural
Health 2012, 28, 327–338. [CrossRef] [PubMed]
3. Monnat, S.M.; Pickett, C.B. Rural/Urban differences in self-rated health: Examining the roles of county size
and metropolitan adjacency. Health Place 2011, 17, 311–319. [CrossRef] [PubMed]
4. Glasgow, N.; Johnson, N.E.; Morton, L.W. Spatial Patterns of Rural Mortality. In Critical Issues in Rural Health;
Blackwell Pub: Ames, IA, USA, 2004.
5. Ormond, B.A.Z.; Stephen, Z.; Lhila, A. Rural/Urban Differences in Health Care Are Not Uniform Across
States. In Assessing the New Federalism; The Urban Institute: Washington, DC, USA, 2000.
6. Zahnd, W.E. Health Literacy Skills in Rural and Urban Populations. Am. J. Health Behav. 2009, 33, 550–557.
[CrossRef]
7. Matthews, K.A. Health-Related Behaviors by Urban-Rural County Classification—United States, 2013.
MMWR Surveill. Summ. 2017, 66, 1–8. [CrossRef]
8. Dean, W.R.; Sharkey, J.R. Rural and Urban Differences in the Associations between Characteristics of the
Community Food Environment and Fruit and Vegetable Intake. J. Nutr. Educ. Behav. 2011, 43, 426–433.
[CrossRef]
Int. J. Environ. Res. Public Health 2020, 17, 6037 12 of 14
9. Trivedi, T.; Liu, J.; Probst, J.C.; Merchant, A.T.; Jhones, S.; Martin, A.B. Obesity and obesity-related behaviors
among rural and urban adults in the USA. Rural Remote Health 2015, 15, 3267.
10. Coleman-Jensen, A. Household Food Security in the United States in 2016. In Economic Research Report
Number 237; United States Department of Agriculture: Washington, DC, USA, 2017.
11. Jackson, J.E.; Doescher, M.P.; Jerant, A.F.; Hart, L.G. A National Study of Obesity Prevalence and Trends by
Type of Rural County. J. Rural Health 2005, 21, 140–148. [CrossRef]
12. Hamer, S.P.H. 2017 Census of Agriculture United States Summary and State Data. In Geographic Area Series;
United States Department of Agriculture: Washington, DC, USA, 2019; pp. 1–820.
13. Median Household Income of Principal Farm Operators by Source and Sales Class. 2018. Available online:
https://www.ers.usda.gov/data-products/chart-gallery/gallery/chart-detail/?chartId=58426 (accessed on 27
November 2019).
14. Smith, C.; Morton, L.W. Rural Food Deserts: Low-Income Perspectives on Food Access in Minnesota and
Iowa. J. Nutr. Educ. Behav. 2009, 41, 176–187. [CrossRef]
15. Scott, J.; Dardas, L.; Sloane, R.; Wigington, T.; Noonan, D.; Simmons, L.A. Understanding Social Determinants
of Cardiometabolic Disease Risk in Rural Women. J. Community Health 2019, 45, 1–9. [CrossRef]
16. United States Department of Agriculture. Trends in Supplemental Nutrition Assistance Program Participation
Rates: Fiscal Year 2010 to Fiscal Year 2017—Final Report. Available online: https://fns-prod.azureedge.net/
sites/default/files/resource-files/Trends2010-2017.pdf (accessed on 7 April 2020).
17. Harnack, L.; Valluri, S.; French, S.A. Importance of the Supplemental Nutrition Assistance Program in Rural
America. Am. J. Public Health 2019, 109, 1641–1645. [CrossRef] [PubMed]
18. Rural Poverty & Well-Being. Available online: https://www.ers.usda.gov/topics/rural-economy-population/
rural-poverty-well-being/ (accessed on 8 June 2020).
19. Food Research & Action Center. Rural Hunger in America: Supplemental Nutrition Assistance Program.
2018. Available online: https://frac.org/wp-content/uploads/rural-hunger-in-america-snap-get-the-facts.pdf
(accessed on 7 April 2020).
20. Food and Nutrition Service. Trends in Supplemental Nutrition Assistance Program Participation Rates: Fiscal
Year 2010 to Fiscal Year 2017. 2019. Available online: https://www.fns.usda.gov/snap/trends-supplemental-
nutrition-assistance-program-participation-rates-fiscal-year-2010 (accessed on 8 June 2020).
21. Gunderson, C.; Dewey, A.; Englehard, E.; Strayer, M.; Lapinski, L.; Odeen, B.; Hartman, C. Map the Meal Gap
2020; Feeding America: Chicago, IL, USA, 2020.
22. Mabli, J.; Ohls, J. Supplemental Nutrition Assistance Program Participation Is Associated with an Increase in
Household Food Security in a National Evaluation. J. Nutr. 2014, 145, 344–351. [CrossRef] [PubMed]
23. Wallace, H.S.; Franck, K.L.; Sweet, C.L. Community Coalitions for Change and the Policy, Systems, and
Environment Model: A Community-Based Participatory Approach to Addressing Obesity in Rural Tennessee.
Prev. Chronic Dis. 2019, 16, E120. [CrossRef] [PubMed]
24. Kegler, M.C.; Honeycutt, S.; Davis, M.; Dauria, E.; Berg, C.; Dove, C.; Gamble, A.; Hawkins, J. Policy,
Systems, and Environmental Change in the Mississippi Delta. Health Educ. Behav. 2015, 42, 57–66. [CrossRef]
[PubMed]
25. Barnidge, E.; Baker, E.A.; Estlund, A.; Motton, F.; Hipp, P.R.; Brownson, R.C. A Participatory Regional
Partnership Approach to Promote Nutrition and Physical Activity Through Environmental and Policy
Change in Rural Missouri. Prev. Chronic Dis. 2015, 12, E92. [CrossRef]
26. Morland, K.; Evenson, K.R. Obesity prevalence and the local food environment. Health Place 2009, 15, 491–495.
[CrossRef]
27. Krukowski, R.A.; West, D.S.; Harvey-Berino, J.; Prewitt, T.E. Neighborhood Impact on Healthy Food
Availability and Pricing in Food Stores. J. Community Health 2010, 35, 315–320. [CrossRef]
28. Dwyer-Lindgren, L.; Bertozzi-Villa, A.; Stubbs, R.W.; Morozoff, C.; MacKenbach, J.P.; Van Lenthe, F.J.;
Mokdad, A.H.; Murray, C.J.L. Inequalities in Life Expectancy Among US Counties, 1980 to 2014: Temporal
Trends and Key Drivers. JAMA Intern. Med. 2017, 177, 1003–1011. [CrossRef]
29. Lichter, D.T. Emerging Patterns of Population Redistribution and Migration in Appalachia; Citeseer: Princeton, NJ,
USA, 2005.
30. Social Vulnerability Index; Centers for Disease Control and Prevention: Atlanta, GA, USA, 2020.
31. QuickFacts: Martin County, Kentucky. Available online: https://www.census.gov/quickfacts/
martincountykentucky (accessed on 7 April 2020).
Int. J. Environ. Res. Public Health 2020, 17, 6037 13 of 14
32. Feeding America. Food Insecurity in Martin County. Map the Meal Gap 2016. Available online: https:
//map.feedingamerica.org/county/2016/overall/kentucky/county/martin (accessed on 7 April 2020).
33. SNAP Participation Map. 2019. Available online: https://frac.org/snap-county-map/snap-counties.html
(accessed on 8 June 2020).
34. NIH National Cancer Institute Division of Cancer Control & Population Sciences. Scoring the All-Day
Screener. Available online: https://epi.grants.cancer.gov/diet/screeners/fruitveg/scoring/allday.html (accessed
on 27 November 2019).
35. Thompson, F.E.; Subar, A.F.; Smith, A.F.; Midthune, D.; Radimer, K.L.; Kahle, L.L.; Kipnis, V. Fruit and
Vegetable Assessment. J. Am. Diet. Assoc. 2002, 102, 1764–1772. [CrossRef]
36. American Time Use Survey. Eating & Health Module 2014–2016 Questionnaire. 2017. Available online:
https://www.bls.gov/tus/ehmquestionnaire1416.pdf (accessed on 27 November 2019).
37. Ogden, C.L. Obesity and socioeconomic status in adults: United States, 2005–2008. NCHS Data Br. 2010,
50, 1.
38. Levine, J.A. Poverty and obesity in the U.S. Diabetes 2011, 60, 2667. [CrossRef] [PubMed]
39. Gregory, C. Supplemental Nutrition Assistance Program (SNAP) Participation Leads to Modest Changes in Diet
Quality; SNAP: Clinton, TN, USA, 2013.
40. Ratcliffe, C.; McKernan, S.-M.; Zhang, S. How Much Does the Supplemental Nutrition Assistance Program
Reduce Food Insecurity? Am. J. Agric. Econ. 2011, 93, 1082–1098. [CrossRef] [PubMed]
41. Kendall, M.; Broyles, S.T.; Freightman, J.; Cater, M.; Holston, D. Opportunities and Challenges Addressing
Access to Healthy Food in Five Rural Louisiana Food Stores. Prev. Chronic Dis. 2019, 16, 16. [CrossRef]
42. Ma, X.; Sharpe, P.A.; Bell, B.A.; Liu, J.; White, K.; Liese, A.D. Food Acquisition and Shopping Patterns among
Residents of Low-Income and Low-Access Communities in South Carolina. J. Acad. Nutr. Diet. 2018, 118,
1844–1854. [CrossRef]
43. Sohi, I.; Bell, B.A.; Liu, J.; Battersby, S.E.; Liese, A.D. Differences in food environment perceptions and spatial
attributes of food shopping between residents of low and high food access areas. J. Nutr. Educ. Behav. 2014,
46, 241–249. [CrossRef] [PubMed]
44. Appalachian Regional Commission. The Appalachian Region. Available online: https://www.arc.gov/
appalachian_region/TheAppalachianRegion.asp (accessed on 8 June 2020).
45. Pollard, K.; Jacobsen, L.A. The Appalachian Region: A Data Overview from the 2013–2017 American
Community Survey. In Chartbook; Appalachian Regional Commission: Washington, DC, USA, 2019.
46. Nguyen, B.T.; Shuval, K.; Bertmann, F.; Yaroch, A.L. The Supplemental Nutrition Assistance Program,
Food Insecurity, Dietary Quality, and Obesity among US Adults. Am. J. Public Health 2015, 105, 1453–1459.
[CrossRef] [PubMed]
47. Defosset, A.R.; Kwan, A.; Rizik-Baer, D.; Gutierrez, L.; Gase, L.N.; Kuo, T. Implementing a Healthy Food
Distribution Program: A Supply Chain Strategy to Increase Fruit and Vegetable Access in Underserved
Areas. Prev. Chronic Dis. 2018, 15, 61. [CrossRef] [PubMed]
48. Evans, A.E.; Jennings, R.; Smiley, A.W.; Medina, J.L.; Sharma, S.; Rutledge, R.; Stigler, M.H.; Hoelscher, D.
Introduction of farm stands in low-income communities increases fruit and vegetable among community
residents. Health Place 2012, 18, 1137–1143. [CrossRef]
49. Gans, K.; Risica, P.M.; Keita, A.D.; Dionne, L.; Mello, J.; Stowers, K.C.; Papandonatos, G.D.; Whittaker, S.;
Gorham, G. Multilevel approaches to increase fruit and vegetable intake in low-income housing communities:
Final results of the ‘Live Well, Viva Bien’ cluster-randomized trial. Int. J. Behav. Nutr. Phys. Act. 2018, 15, 80.
[CrossRef]
50. Dunn, C.G. Feeding low-income children during the Covid-19 pandemic. N. Engl. J. Med. 2020, 382, e40.
[CrossRef]
51. Feeding America. The Impact of the Coronavirus on Food Insecurity. Available
online: https://www.feedingamerica.org/sites/default/files/2020-04/Brief_Impact%20of%20Covid%20on%
20Food%20Insecurity%204.22%20%28002%29.pdf (accessed on 8 June 2020).
52. Miller, W. Community Adaptations to an Impending Food Desert in Rural Appalachia, USA. Rural Remote
Health 2016, 16, 3901. [PubMed]
53. Fleischhacker, S.E. Strengthening national nutrition research: Rationale and options for a new coordinated
federal research effort and authority. Am. J. Clin. Nutr. 2020, 179. [CrossRef]
Int. J. Environ. Res. Public Health 2020, 17, 6037 14 of 14
54. SNAP COVID-19 Waivers. Available online: https://www.fns.usda.gov/programs/fns-disaster-assistance/fns-
response-covid-19/snap-covid-19-waivers (accessed on 8 July 2020).
55. Kinsey, E.W.; Kinsey, D.; Rundle, A.G. COVID-19 and Food Insecurity: An Uneven Patchwork of Responses.
J. Hered. 2020, 97, 332–335. [CrossRef] [PubMed]
56. Farley, K.W.; Bush, C.B. Using Relationships as Resources in Social Impact Investing: Examining a Local
Food Movement in Appalachia. J. Appalach. Stud. 2016, 22, 224. [CrossRef]
57. Glanz, K.; Sallis, J.F.; Saelens, B.E.; Frank, L.D. Nutrition Environment Measures Survey in Stores (NEMS-S)
Development and Evaluation. Am. J. Prev. Med. 2007, 32, 282–289. [CrossRef]
58. Thomson, J.L.; Goodman, M.H.; Landry, A.S. Measurement of Nutrition Environments in Grocery Stores,
Convenience Stores, and Restaurants in the Lower Mississippi Delta. Prev. Chronic Dis. 2020, 17, 17.
[CrossRef]
59. Barnidge, E.; Hipp, P.R.; Estlund, A.; Duggan, K.; Barnhart, K.J.; Brownson, R.C. Association between
community garden participation and fruit and vegetable consumption in rural Missouri. Int. J. Behav. Nutr.
Phys. Act. 2013, 10, 128. [CrossRef]
60. Gamburzew, A.; Darcel, N.; Gazan, R.; Dubois, C.; Maillot, M.; Tomé, D.; Raffin, S.; Darmon, N. In-Store
marketing of inexpensive foods with good nutritional quality in disadvantaged neighborhoods: Increased
awareness, understanding, and purchasing. Int. J. Behav. Nutr. Phys. Act. 2016, 13, 104. [CrossRef]
61. Paek, H.-J.; Oh, H.J.; Jung, Y.; Thompson, T.; Alaimo, K.; Risley, J.; Mayfield, K. Assessment of a Healthy
Corner Store Program (FIT Store) in Low-Income, Urban, and Ethnically Diverse Neighborhoods in Michigan.
Fam. Community Health 2014, 37, 86–99. [CrossRef]
62. Ball, K.; Abbott, G.; Wilson, M.; Chisholm, M.; Sahlqvist, S. How to get a nation walking: Reach, retention,
participant characteristics and program implications of Heart Foundation Walking, a nationwide Australian
community-based walking program. Int. J. Behav. Nutr. Phys. Act. 2017, 14, 161. [CrossRef]
63. Rejeski, W.J.; Ambrosius, W.T.; Burdette, J.H.; Walkup, M.P.; Marsh, A.P. Community Weight Loss to Combat
Obesity and Disability in At-Risk Older Adults. J. Gerontol. Ser. A Boil. Sci. Med. Sci. 2017, 72, 1547–1553.
[CrossRef] [PubMed]
64. Lenstra, N.; Carlos, J. Public Libraries and Walkable Neighborhoods. Int. J. Environ. Res. Public Health 2019,
16, 1780. [CrossRef] [PubMed]
© 2020 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
article distributed under the terms and conditions of the Creative Commons Attribution
(CC BY) license (http://creativecommons.org/licenses/by/4.0/).
